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INTRODUCTION

There is increasing interest in determining the electromagnetic propertics of matcrial media
differing from frce space and the effccts thereof on the radiation, propagation, and scatering of
clectromagnetic ficlds. A maicrial propeny of special present interest is that of chirality.
Chirality manifests itself as a8 "handedness” wherein a chiral medium does not support propagation
of a lincarly-polarized planc wave, but which insicad decomposes into two circularly-polarized
waves that propagatc a1 diffcrent specds. Initial work in this arca was devoled to developing
various analytical solutions to some basic prcblcms such as the Green's Dyadic for a point current
source {Basiri et al. (1986)). Aticniion is now being increasingly devoted 1o using this early work
for a varicty of applications such as analyzing antennas in chiral mcdia [Jagpard ct. al. (1991));
scattering from chiral objects [Bhatiacharyya (1991); scatiering from objects having chiral coatings
[Uslenghi (1990)]; and reflection from planar chiral interfaces [Lakhlakia ct. al. (1986)].

The fncus of the work described here is determining the wavenumbers (= ~a —-jB) of the current
waves exciled on wire antennas locaied in an infinitc chiral medium using two complemcentary
approaches. Onc is (o use an extension of an existing computer model (NEC) [Burke and Poggio
(1981)] that permits modcling of arbitrary wirc objects located in an infinite chiral medium. The
otker is 1o develop a solution for an infinitely long cylindrical antenna also located in an inflinite
chiral medium. The latter canonical problem: is of interest in its own right as well ax providing a
means for achicving mutual validatiun with the NEC model,

FINITE-LENGTH WIRES IN A CHIRAL MEDIUM
The thin-wire, clectric-ficld integral equation for a perfectly-conducting, wire can be expressed as

s E"™(r) = —jmpj.c( )s-ll(r')-l‘(r,r')dr'l; re C(r)

where a time variation of eJOU has been assumed, r and r' denote the observation point and source
puint where the unit tangent vectors are given by s and &', respectively, EINC(r) is the “incident”
ficld exciting the wire, C(r) describes the spatial contour of the wire, and I'(r.r’) is the Green's
dyadic for the medium. For an infiniw chiral medium, the Green's function can be written [Bassin
ct. al, (1980)]
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and h), =topy+ \/Zw. 2 +K
where u is the unit dyad and the constant yc -ermines the degree of medium chirality as expresscd
by the constitutive relationships [Basiri, eL al. ‘1986)]

D=cE+jBand: -j¥E + B/u.
The wavenumber k = @Vep is the achiral-me: 2 wavenumber and ¢ and p are the medium
permittivity and permeability respectively. As can be seen, the proportionality quantities a) and
a2 depend on the wavenumbers h| and h3 for the two circularly-polarized waves that propagaic in
the chiral medium.

The NEC computer model has been modified to include the chiral Green's function to permit the
modeling of arbitrary wire objects excited as antennas and scatterers in a chiral medium for which
some initiai results have been reporicd elscwhere [Bhatacharyya, Burke and Miller (1992a),
(1992b)). Extending NEC to the problem of a chiral medium somewhal complicales computing
the electric fields of a general wire object because it is no longer possible Lo obtain the ficlds of Lic
sine and cosine terms of the three-term current basis used in NEC in ¢losed form because of the
two different propagation constants. For examplc, the z-component of the field has the form

. . . 4 ' —1 1710
—jnly | ( sink,z’ 2 1+jkR cosk,z ) e ik
. )= -27)—
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for the sinc and cosine terms respectively and a current “segment” 28 long located on the z-axis of
a cylindrical coorcinalc system. When the medium propagation constant k| cquals the basis

propagation constant kg, the lerms requiring numerical intcgration cancel, and the ficld forms reven
1o those employed for an infinite, achiral, medium. Good results are obwined from NEC using kg
= Vhih2, Evaluating the ficld of the constant term of the current basis, whick has no propagation

constant for the current, is essentially unaffected by the medium chirality except for the dact that a
ficld components is produced for h) aind hy. The NEC estimates for the propagation constant arc

based on solving for the current on a wirce six or so wavclengths long cxciled a quarter wavelength
from onc cnd and having a resistive load at the other end to reduce the current standing-wave ratio.
The compiex wavenumber was then obtaincd from a least-squares fit 1o the log of magnitude and
the pbusc of the current using five match points over each segment,

INFINITE ANTENNA IN A GLIRAL MEDIUM

Onc starting point for modeling an infirite cylindrical antenna of rudius a located on the 2 axis of a
cylindrical coorlinate systein is w write an integral equation for the current as

jop j 1(2)G gy J7—2)d7" = E™ (2)

where for o chiral medium Gehjralfolz-2 is here the 22 component of the chiral Green's dyadic,

The solution to this equation can be expressed as a Fourier integral of the current, i.c., [Miller
(1967))

I(z) = (‘J- cm'i(['i)dli

where i(]})) is determined from a boundary-value solution obtained by caxpressing the exciting and
induced ficlds in spectml form ad C is a nomializing constant. Because of the convolutional torm
of the integral equation, i() is availuble in closed form, being given by
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where S(B) is the spatial spectrum of the incident field, Ho is a Hankel function of the second kind,

and);= o0 .

Evaluation of the infinile-a. ‘cnna current can be accomplished using numcrical quadrature or
analytical approximation of the dominant contributions 10 the intcgral. For our purposes, we do
not need the explicit z-dependent current, but can instead determine the propagation constant from
the poles or the current spectrum to obtain the results which follow. We nole that the
denominator of i(B) involves both chiral-medium waves which suggests that the mode associated
with the denominator zero might be described as a "hybrid” wave.

Wavenumber results for the current as obtained from the infinitc-antenna model and from NEC arc
shown in Fig. 1. The aticnuauon (-0.) and propagation (-jB) componcnts of the wavenumber are
compared respectively as a function of the chirality constant for two different valucs of wire radius.
Good agreement is obtained between the NEC and infinite-antenna values over a chirality range of
104 10 about 0.05. For the vilues of chirality shown here, the chiral effect is scen to be greater
with larger wire radii. The excellent agrecement obtained conflirms both the NEC and infinite-wire
solutions.

The magnitude of the NEC current on the wirc for various wire radii and a chirality constant y =
0.01 for a 30-wavclength (frec space) wire modeled using 500 scgments is shown in Fig. 2. It cun
be seen for the casc investigatcd, that as wire radius is increased, there is a transition from a more
rapidly-attenuated current near the source Lo a less-aticnuated current further down the wire. The
near-source current is a "fast-wave™ mode where the propagation constant is less than in the
ambicnt medium which makes a transition to an cven “fastcr” mode which exhibits smaller
alichuation, as shown in Fig. 3. The aticnuation and propagation constants (normalized to kg Jof
the first region as obtaincd from NEC, -0.127 5 -j0.9446 maich those computed fiom the pole of
the current spectrum, -0.1280 -j0.9444, qaitc wcll, In the faster-wave region, the NEC
propagation constant, -j0.4134, is closc to the value of h2 which is -j0.4142,
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